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Abstract 
The undeniable success in enrollment for massive online courses sharply contrasts with the number of students that complete 
them. This paper argues that massive online education should radically change how content is presented and evaluated if it is to 
become a sustainable method at a worldwide scale. In particular, delivering online education to the rising billion, the population 
in the poorest developing nations, requires a different approach. This research proposes a novel, self-organizing tutorial 
framework that evolves along with a student's ability to solve problems. The framework incorporates elements from machine 
learning, education and digital entertainment to deliver a different educational experience. The dynamics of these elements are 
incorporated into the model to allow an evolving set of challenges that completely differ from today's views of online education. 
Furthermore, the paper also discusses implementation implications along with the framework's limitations and possible 
evaluation methodologies. 
Keywords: self-organization; intelligent tutoring; autonomous; education 
1. Introduction 
Today the same exponentially changing technologies that created the foundations of the Internet 30 years ago and 
completely reshaped entire industries are aiming toward education. Education is about to experience a change 
similar to that brought to the music, film and news distribution industries at the beginning of this century. 
Unfortunately, this quickly changing pace has given us no time to fully understand the consequences. We need to be 
aware of the challenges, opportunities and dangers awaiting us.  
The implications of the rapid change presented by diverse shapes of online education are still being widely 
debated. The results from the first massive open online courses (MOOC) taught over the past few years have been 
extensively discussed with mixed opinions. To gain insight into the dynamics of those online courses Fig. 1 presents 
some summary statistics. Figure 1(a) presents the histogram of the number of registered students and Fig. 1(b) the 
cumulative distribution function of the completion percentage. There are no official enrollment numbers from all the 
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major providers of MOOCs thus the data employed for the figures and analysis was obtained from independent 
research studies [1]. 
 
 
 
 
 
 
 
 
The analysis of the results yields some interesting conclusions. For the 37 data points analyzed most courses had 
an enrollment of around 54,000 students. The mean number of students registered was 66,836 ( 18.14% at a 95% 
confidence); the standard deviation of the number of registered students was high at 42,748. Regarding the 
percentage of students that completed a course, the analysis indicates that 90% of the courses had a completion rate 
less than or equal to 14%. The mean completion percentage was 7.83% with a standard deviation of 6.69%. 
In summary, most students that start a class never complete it. This could be a result of having free courses for 
which enrolling is relatively easy thus they attract a considerable number of people that are mainly interested in few 
topics of a course. Alternatively, students may realize after enrolling that the topic is not suitable for their interests. 
drops. However, currently there is no public data available to further explore this particular set of conclusions. 
Independently of the causes, the analysis consistently indicates completion rates are very low. Thus this calls to 
question the teaching models to be used for future endeavors; especially if massive open online education is the 
main means by which a significant number of students will acquire knowledge at different levels. This particular 
condition is of interest in this paper as online education might be the only viable alternative for future ambitious 
education projects in developing nations.   
Take for instance the vision of Economists Stuart Hart and C.K. Prahalad 
coined for the people from the poorest nations on the planet, that are expected to access online resources for the first 
time over the next decade. For such a massive population, online education might be a viable method of delivering 
knowledge that can boost the economies of the emerging markets. Therefore, there is a clear case for improving the 
delivery methods of very large online classes. 
This paper proposes a self-organizing mechanism to improve the experience of online courses delivered without 
the constant presence of the main instructor. The mechanisms proposed here find direct applicability on the delivery 
of open online courses and support a scalable student enrollment. They involve the creation of a framework for an 
autonomous tutoring system (ATS) that leverages on artificial intelligence technologies as well as on current 
educational knowledge used for delivering education through digital interactive experiences.  
In the next section this article will visit the main characteristics that such framework should posses and discuss 
existing work in the area. Thereafter, an artificial intelligence mechanism based on probabilistic graphical models 
(PGMs) is introduced as a basis for the ATS. The paper closes with concluding remarks and a discussion on future 
research opportunities in the area. 
2. Basis for retention and scalability 
There are two main goals for the scalable autonomous teaching system outlined in this paper. First, it should 
leverages on legacy studies in the area of learning through digital games. Furthermore, it proposes how the results 
from these studies should be incorporated in the framework. Second, the framework should be scalable with the 
capability of serving very large student populations. 
  
Fig. 1. (a) Histogram of the number of registered students; (b) Cumulative distribution of the course completion percentage 
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2.1.  
This paper argues in favor of leveraging the experiences in interactive ga
engagement and retention. A core objective of the proposed ATS is not only to disseminate knowledge but also to 
a teaching 
aid that facilitates alternative teaching methods and be used to motivate students [4].  
challenge, fantasy and curiosity [5]. All these elements should be accessible in the ATS. Challenges expose the 
student to different difficulty levels along with rewards that can be achieved as the student progresses through a 
course in the system. Fantasy and curiosity refer to a storyline and hidden elements embedded in the learning 
experience.  
The way to successfully address these characteristics has changed over time as a result of constantly evolving 
user interfaces that simplify human-computer interaction [6]. In addition to the software graphical interfaces, the 
designers working in multidisciplinary teams to avoid degrading its effectiveness [7]. 
Providing the notion of a challenge to achieve a predetermined goal is vital to the success of game based learning 
[5]. The goals themselves have a direct effect on the acceptance level of the learning experience as gaming 
preferences may greatly vary with gender and ethnic origin factors [8]. Previous studies have suggested that the goal 
that questions his current understanding of the subject. In addition to presenting new information, engagement can 
also be promoted by asking questions to the student and providing advice on how to achieve an otherwise evasive 
goal [7].  
However, goal setting is not necessarily an easy process. While in the case of teaching scientific principles goals 
can be constructed as quantitative problems; in the teaching of subjects like social sciences stating interesting goals 
that can be autonomously analyzed can be challenging. In any case as goals become more challenging it should be 
possible to present the learner with material that questions the personal understanding of a subject by asking the 
student to design solutions to problems never faced before.  
2.2. Scalability 
Scalability relates to the capabilities of serving a very large population of students and instructors. While modern 
-scale 
data centers, for an ATS to be scalable it is also necessary to count with a low complexity algorithmic solution. In 
t
vital to select a framework that provides clear, easy to understand abstractions to instructional designers. 
Probabilistic graphical models (PGMs) can be employed for the artificial intelligence core of the ATS. PGMs are 
a powerful abstraction as they are simple graph representations of relationships between variables. The nodes of the 
graph represent random variables; the edges represent their influence relationships. The advantage of PGMs over 
other solutions, such a neural networks or distributed control systems, is that the complexity behind the models is 
well hidden as PGMs employ a graphical representation of variables and relationships. This makes PGMs suitable 
for direct use by instructional designers as will be illustrated later in this article. 
To understand how PGMs are constructed, envision you want to characterize the process by which you evaluate 
if a student has understood the concept of photosynthesis. For example, consider that the understanding of this topic 
requires review of material in energy concepts and carbon dioxide chemical reactions. Figure 2 illustrates the 
relationships between the corresponding topics. In particular, let the discrete random variables E, C, and H represent 
the understanding of concepts in energy, chemistry, and the resulting photosynthesis respectively. 
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For PGMs like the one shown in Fig. 2 it is possible to write a joint probability distribution function using the 
chain rule for Bayesian networks. Thus P(E, C, H) = P(E) P(C) P(H | E,C). Marginal probabilities, like P(H), can 
then be computed via simple reduction operations that involve basic operations with matrices.  
Marginals computation enables the system to make decisions that can be used to understand the underlying 
process. To illustrate this consider H, the variable for photosynthesis understanding. Assume that H can take any of 
three values {high, medium, low} depending on the level of understanding of the topic by a student. This level can 
be mapped via traditional online assessments (e.g. quizzes) of its parent topics E and C. The model can then evaluate 
the probability of a student understanding of H by computing the marginal probability P(H).  
An advantage of using PGMs is that probability relationships between H and its parent variables E and C can be 
easily encoded in the model via a conditional probability table representing P(H | E,C). A simple mapping in the 
table might indicate that if assessments for both E and C are above a certain predetermined threshold, P(H) should 
be high. Naturally, in a real life scenario E and C would have parents of their own along with the necessary 
conditional probability encodings. PGMs are well suited to hide the complexities of using an algorithm to predict the 
level of understanding of a particular area. This is due the ease with which instructional designers can encode 
relationships between the topics into the graph. 
3. A general framework for an autonomous teaching system 
Having revised the background concepts in online interactive learning via games and PGMs it is possible to 
integrate these into a framework. Figure 3 illustrates a high level generic abstraction for the proposed ATS 
framework. 
 
 
 
Fig. 3. PGM encoding of the understanding of multiple topics and their relationships 
The PGM encoded in Fig. 3., shows the relationships via multiple topics of any given subject. To create the graph 
the course designer must first divide the content into smaller topics (which is usually already a part of traditional 
course design). Then each series of topics is mapped to a particular level, much like the levels in a digital video 
game. Therefore the relationships between topics should be mapped allowing for influence to flow between topics of 
different levels. The understanding of each topic can be assessed and then mapped to an element of the set S={high, 
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Fig. 2. Sample probabilistic graphical model with three variables 
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medium, low} as explained before. 
The PGM operates as follows. As the student is presented the different topics he is allowed to advance through 
the system by completing assessments. The assessments results, along with the encoded relationships between topics 
can be used for the system to compute the probability of a student being ready to move down the graph and 
eventually take on a challenge to advance to the next level. Inside the model this is done via simple computation of 
marginal probabilities. If the assessments results are below a certain threshold the system can immediately make 
suggestions on the topics that need further review and redirect the student to those areas.  
Notice that in this framework, features such as fantasy and rewards are easy to encode via the type of assessments 
and challenges presented to the student. For instance, a storyline can accompany the series of challenges and be used 
also be included as different elements of the graph. For this, the instructional designer could just add another topic 
that opens up only after certain prerequisites are met. Furthermore, the framework from Fig. 3 can be expanded to 
include flow of influence between populations of students. This can foster teamwork among students to achieve 
certain goals and complete challenges. Such features can be simply encoded as new nodes of the graph. 
Additionally, an instructional designer might include nodes in the graph that indicate the level of understanding 
of a series of topics among a population of students. Then the system can include a mapping to measure how well a 
whole topic is understood and take corrective actions as well (based on suggested reviews of previous topics). 
A subset of the elements in the proposed ATS already exists today in different systems. However, those systems 
do not formally compute the likeliness of a student learning a topic using artificial intelligence methods. PGMs 
enable self-  what 
challenges are accessible or if review of previous material is necessary. 
4. Concluding remarks and perspectives of future research in the area 
This paper has illustrated the basis for creating a scalable autonomous tutoring system. It has shown how by 
breaking course content into smaller topics it is possible to use PGMs to evaluate the probability of a student 
understanding a topic and taking corrective action if this probability is below a predetermined threshold. Previous 
applications of PGMs have proved them to be very good predictors of complex random processes such as those 
necessary to detect system faults or diagnose illnesses. This suggests that using PGMs in autonomous tutoring 
systems is an alternative that is worth researching. 
The system however has limitations that still need to be further researched. First, it is unclear what mappings 
should be used. For instance, is it enough to match the understanding of a topic to just a set of {high, medium, low} 
alternatives? Furthermore, what actual probability levels (based on assessment grades) should be used for the 
mappings? Second, for the system to scale, assessments should be graded automatically. This restricts the type of 
assessment to multiple- s ability to develop problem-solving skills. 
It is imperative to count with natural language processing engines that have the ability to grade other types of 
ry method that is likely 
not compatible with the technology available in developing nations. In the poorest nations of our planet, 
smartphones, tablets and data plans prices are inaccessible to the majority of the population. Therefore, it is 
necessary to understand the implications of having limitations on how the course material can be delivered. 
As technology has progressed we have been given incredible teaching tools, but they are only tools and they 
come with no instructions; they are easy to misuse. T
Fame, however does not necessarily come with quality, accountability or the ability to reproduce the social skills 
learned in the classroom. In the online world we are unable to deliver comparable experiences to that of the 
classroom, yet we already have millions of independent students taking massive open and closed courses all over the 
world. In the online world quality does not equate to classroom size, they are likely inversely proportional. This 
shows that it may be very easy to spread knowledge, but very difficult to spread skills in teamwork, collaboration, or 
creativity by diversity. It is even harder or perhaps impossible to replace good teachers and the valuable interactions 
among students in the classroom. However, online education is here to stay and this gives us the opportunity to 
make it a true valuable complement of the brick and mortar classroom not a replacement. 
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